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of the coloured chromogen (A=absorbance or exiinc- tion tiroes, the resulting reaction kinetics for the A and 

lionX i* particularly related to the ratio nJ/liter of glu- B compositions measured on Perkin-Elmer, is exactly 

C0Sfr«zidase, where u-i. is, as known, the amount of alike when the employed surface-active agent is 

enzyme whicb oxidizes 1 junole of glucose per min at changed. 

25* C. and pH=7.0 (sodium phosphate buffer). 5 In order to show the unalterabflity of the product 

About this subject it is to be observed that difTerem^ quality, the diagram of FIG. 2 depicts the absorbance of 

mnetimes remarkable of the enzymatic activities can be a reagent sample of the kind used m the A composition, 

found m reagents at presmt on the market, among bot- p„pared on February 1983 and tested on January 1984. 

^i^i^J^ Co^«ently titerejre so^ Besides noting how the curve is in accord^^to the 

SESf^n^^^^"""' -^f ".K^"'* ^ • even at high concentration (500 mg/dl). h is to 

^^^^^^ ^1- "1^ ' ^^^Vt ^ considered that the reaction fa complltely accom- 

that accordmg to this invention, whose invanabifaty «i;et».^ t>,« in * 

between the littles is assured. phshed withm the«timat«i 1^^ 

- For a collect setting up of such a technique it is nec- uJ^^^' ^ been obtained by usmg a reagent lot as 

essary that the glucose oxidation by "GOD- foUows a P*^' 

. pseudo-first^rder kinetics with respect to B-glucose. ^""^^ conditions Cm fact a transparent vessel 

This causes a series of coupled reactions, to whom the ^ ^ /^^^^ °P^^"^ "dually re- 

kinetics principle of fixed time measurements can be <l^«^ed> and "^e vessel has been often opened and 

applied. closed agam). It is further to be noted that the absor- 

The above-mentioned technique can be applied to the of white against HjO is only 0.128, that is quite an 

reagent according to this mvention, making it particu- acceptable value from the moment that, moreover, such 

lary. suitable to the fast analyzers, that allow to save * reagent increases its absorbance under the direct ac- 

much time, tion of the light. 

It is therefore a specific object of this invention a Tcr'nxni^Ai cvdctj Tx^txi-i- • 

ready to use liquid reagent for determining he glucose TECHNICAL EXPERIMENT 
content in blood, characterized by comprising a glu- ^ A graphic demonstration pertinent to the product 

cose*oxidase free from catalase and a npnionic surface- cited for, the diagram of FIG. 2 is given in FIG. 3, 

active agent as a stabilizer. In a preferred embodiment wherein the absorbance (A) is plotted as a function of 

according to the invention a glucose-oxidase amount of the concentration (aSt.) of the standard employed (ab- 

from 9,000 to 40,000 tLi/liter and a nonionic surface-ac- scissa). 

tive agent amount of from 5 mg/liter to 50 g/liter are 30 Said diagram clearly shows the perfect linearity of 

employed. According to this invention, polyoxyethyl- the reagent up to a maximum concentration of 500 

ene (POE) nonionic surface-active agents are preferably mg/liter. 

employed, such as POE-tridecyl alcohol. POE-nonyl- Said straight line has been plotted by the computer 

P''!"J5i^^*^- O^NEX). POE-ociylphenol (TRITON) utilizing a scries bf standards of 25. 50, 100. 200. 400, 500 
and POE-laury|.,cetyl-. stearyls oJeyl^alcohol (BRIJ). 35 mg/liter. 

Similarly, very good results are obtained by employ- The proportion of reagent to sample was 1,000 

«LvHL'^nw;^''r "'f^^^'^fv^ypSl^^^^^ Miiter/ 10 liliter; the reaction time was 10 minutes. The 

e ho;iydodecane (Ci2H25--(0--C2H4),r-^ or lauryl colour remains stable for about 1 hour. 

^HoX S^ t^^^^ CTHESIT) The present invention has been disclosed with panic 

JtlltX^l^^^^ the absence of catalase was 40 ular reference to some specific embodiments, but it is to 

aulb^i ^ ^"""^^ ^ understood that modifications and changes can be 

For illustrative and not for limitative purposes the Ihl'^"^.!^^ f ^'"^rf I?"''' '" 

following compositions are now described:^^ ^^l^ T and scope. 

We claim: 

' 45 . 1. A ready-to-use aqueous liquid reagent for coJori- 

COMPOsmoN A Amounts referred lo iooo nil of reagent metric determination of the glucose content in blood. 

GOD 9,00(M0Wn.i comprising: 

Peroxidase . 300-3^ n.l (a) from 9,000 to 40,000 u.i/liter of enzymatically- 

Jj^oantipyiine ^jl}^*^^ active glucose oxidase free from catalase; and 

Phosphate buffer pH 6i5-]i.4 " 50 (b) from 5 mg/liter to 50 g/liter of a nonionic surface 

— '• : ; — active ageint effective to stabilize the liquid reagent. 

1 1 I , ^ V liquid reagent according to claim 1, wherein the 

f«!?r J? ^"^ concentration of surface active agent is a polyoxyethylene derivative, 

^ ^ ^ employed in this . 3. a liquid reagent according to claim 2, wherein the 

composition as a surface-active agent 55 surface active agent is polyoxyethylene-lauryl alcohol. 

- 4. A liquid reagent according to claim 2, wherein the 

COMPOSITION B Aipoonts referred to lOOD ml of jcagent Surface active agent is polyoxyethylene-octylphenol. 

GOD 9,(aMaoooTl '■ * reagent according to claim 1, further com- 

Peroiydase • 3ix>-3,ooo uJ. prising peroxidase and a chrpmogenic system such that 

J^minoantipyriae P.I-1.S mmoies 60 upon combination of .the reagent with a glucose-con- 

SS^bdfcr J^lMTr** tamii^ sanvle a colored prodtuawffl be forniea. 

— s — . . : 6. A liquid reagent according to claim 5, wherein the 

cbromogcnic system comprises phenol and 4-amino- 

FOE-octylphenol fTriton-X 100 ), at a concentration phenazone or a derivative thereof. 

<rf from 5 mg/liter to 50 g/liier has been employed in 65 7. A liquid reagent according to claim 5. whwein the 

this composition as a surface-active agent. chromogenic system comprises phenol and 4-aminoanti- 

As it can be seen from the enclosed diagram (FIG. 1), pyrine. ' 
wherein the absorbance values are plotted vs. the reac- 
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available in laboratories for clinical tests (common in- 
READ Y TO USE UQUID REAGENT FOR convenient, particularly in summer time). 

DETERMINING THE GtUCX>S£ COISHTENT IN i„ the case II, it may not be avoided, during the pour- 

BLOOD ing off step, a loss of one of the two reagents due to the 

. . . ^ possibleoutflowof one of them, or, more frequently, to 

The present mventipn relates to a ready to use liquid incomplete dripping of one of the reagents from its 

reagent for determmmg the glucose content m blood. bottle 

More particularly, the invention relates to a stable liq- j„ ^ operating reagent often has a fmal 

'.'^^^L" 'V''"^'' ^ ^^"JP™''^ * concentration different from die dtired one. 

fece.acti^e ^^^^ ' " ™* disadvantage occurs also when the adopted 

It is known that the simplest and most used methods Pr^T^'^f f obtaining a complete mixture 

for determining the glucose content in blood (plasma or solute and the solvent, as it frequently occurs ,f 

serum), are founded on the Trinder method or on varia- '^^^^^^ ^ ^r"^"^^ ?? an anhydrous powder to- 
tions of the same. 15 buffer, which, being often a phosphate 

The glucose content in blood can be determined by buffer, is slightly soluble, 
means of the gl!icoseK)xidase and the coloured Trinder POwdered reagents are used, as it frequently 

reaction according to the following steps: occurs it must be taken into account that the powder 

ingredients proportion can be stated within a very 
. 20 broad range, and that an incomplete homogeneity can 
— ^ derive therefrom, even within the same preparation lot. 

1) a-D-glocopyranose + HzO This fact is even clearer when lyophilized enzymes are 

(36$t) ^ used, because, as it is known, the lyophllization process 

may often heterogeneously and causually reduce the 

^ 25 enzymatic activity (the single bottle's position, with 

al-D-gliicose . . . H2O respect to its place on the plates during the freezing 

«oj%) ^ step, is surely influent), so that the fmal concentrations 

(as enzymatic activity) can be very different from each 
^.D-giucopyniiiose + HjO o,i,er. In addition to these technical inconvenients af- 
(64%) 30 fecting the system's reliability, the reagents so far em- 

ployed have a very high production costs. 

2) /}-D-gtDcopynnose + H26 -¥ O2 Pi*"gQ^-°*'**»^ ^ The present production methods include two possi- 

bilities: 

D-g)ucono-5-lactone + HjOa- a) anhydrous powders 
35 b) lyophiles. 

3) 2H2O2 + phenol + 4-ainiiiophena2one ^ In the case a) the production requires a special humid- 

ity-controlled room, and expensive plants, where the 
4-(p-benzoquinone-inonountno>phena2one + 4H2O. operators are exposed to serious risks due to the hard 
... work conditions. This because the use of such enzymes 

The reagent consists of two components: 40 as powders, and especially the presence of sodium azide 

a) A suitably buffered enigmaUc component (glucose- and of the various buffers can cause damages, sorae- 
oxidase-peroxidase); „ , . ^ , times irreversible, to the respiratory organs of the oper- 

b) A chromogen, specifically 4-aminophenazone plus ators. if they are exposed for a long time. Moreover, it 
phenol (the latter can be replaced by its denvatives ^as been noted that some people, after some years of 
hence the vanations on the ongma^ method introduced 45 ^^^^ sensitized to said enzymes, and sub- 

^TrUf' f used phenol)^ j^cted to the consequent injuries. 

All the reagents accordmg to this method must be t *i. u% *i/ it n r i 

reconstituted at the moment of their use in a single In the case bX the use of lyopMners caUs for lar^ 
opera.ingreagent.having,wbenreconstituted,alimited »™om,ts of electncal energy and water, n. addmon to 
Stability 50 P^^^^ extmction costs. It is therefore clear the im- 

It Is to be noted that such a reagent, when reconsti- POTt:ince of having av^lable a reagent for detennming 
tutcd, presents the disadvantage of a guaranteed expira- which avoids the delicate 

tion date not longer than 60 days and of about 30 days reconstitution operations mentioned before, the expen- 
average. ^ive production techniques, which can be also danger- 

At present, two methods for reconstituting the c^- 55 staff, and the long lead-times (minimum time 

ating reagent are known: for reagent setup). 

I) By adding water to a premixed enzymes-chromo- To solve this problem it is surprisingly proposed in 
gen system; ^ invention to use as a reagent a glucose oxidase 

II) By mixing the enzymatic component and the chro- (GOD), completely free from catalase, combined with 
mogen, which, in this case, have been kept apart. 60 stabilizers consisting of nonionic surface-active agents. 

However, in all cases, the user is required to manipu- This combination provides a stable unitary liquid 

late the product. This operation, even if it is simple, . reagent ready to use. The homogeneous concentration 

frequently causes ftiistakes because in the reagent's of the single components' enzymatic activities appears . 

preparation some technical problems affecting the sys- to be particularly favourable, because the reaction rate, 

tem*s validity can arise. 65 which .can be expressed as 

In the case I, when the operating reagent is reconsti- 
tuted, high-purity distilled water is required, while only ^ 
ddonized water, not completely free from chlorine, is "a7~ 
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[57] ABSTRACT 
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the glucose content in blood, comprising a glucose-oxi- 
dase free from catalase and a nonionic surface-active 
agent, such as. for example, the polyoxyethylene dcriv- 
aiives. hydroxypolyethylene ethoxydodecane. the lau- 
ryl ether of polyoxyethylene-glycol. as a stabilizer. 
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